A simple study monitoring altitude acclimatization, which is not intrusive to the athlete's training, is described. Particular attention is drawn to the change in production of lactate in response to steady state exercise, before and after altitude. The results suggest that a more thorough assessment of aerobic ability at altitude is required than that described in the British Association of Sports and Exercise Science (BASES) guidelines. It is also relevant to note that elevations in haemoglobin, promoted by altitude, can mask iron abnormalities. It is therefore recommended to assay for iron in addition to haemoglobin.
All middle-and long-distance coaches, when supporting an elite endurance athlete have to consider the benefits or otherwise of training at altitude. The literature suggests that altitude training benefits performance but it is clear that the time needed to acclimatize to altitude and the time of reacclimatization after altitude training depend on the individual. Inevitably, therefore, athletes training at altitude for the first time have to treat it as an experiment.
It is not possible to be excessively intrusive into any athlete's critical preparation for a major event thus only simple analysis can be carried out. However, it is important for those who support and advise these athletes to learn as much as possible in order that an information resource can be developed which will aid athletes of the future.
This article outlines some simple physiological monitoring which was conducted on one elite woman athlete and identifies two important areas which should be considered by others embarking on a similar project.
Methods
Altitude training was achieved by exposure in two phases. Initially, 5 weeks were spent in Johannesburg, South Africa (Phase I) based at 5709 feet above sea level, followed by 6 weeks in Capetown, South Africa, which lies at sea level, and then a 4-week return to Johannesburg (Phase II).
Fluid replacement Fluid replacement was accomplished by drinking 31 of spring water per day supported by a proprietary supplemented water (glucose 3.56 g, sodium chloride (NaCl) 0.47g, potassium chloride (KCl) 0.30g, disodium citrate (Na2HC6H507) 0.53 g), taken after exercise. Half a litre of additional general fluid was taken with meals.
Urine specific gravity was measured using Ames Multistix and bodyweight was recorded daily.
Heart rate and rate of perceived exhaustion scale Resting heart rate was recorded every morning before rising and all sessions were given a perceived exertion rating using the Borg rate of perceived exhaustion (RPE) scale'.
Iron supplementation Iron supplementation was cautious due to a tendency for the athlete to suffer from stomach disorders. During menstruation and 7 days after menstruation the athlete took a vitamin B and C complex which contributed 130mg ferrous iron per day. Between these times a general multivitamin tablet was taken contributing 24 mg ferrous iron per day.
Training load Training load was as described in Figure 1 
Results
Type of session Figure 1 . The mix of training sessions undertaken during the altitude acclimatization period: 1a, quality80/100s; Ib, quality 300/600s; 2, strength; 3, speed endurance; 4, strength endurance; 5, aerobic; 6, rest (in days) automated analysis and spectrophotometric methods were used on venous blood samples. The method of blood analysis has been shown to produce similar results and appropriate quality controls were used in all assays. Venous samples, however, have been shown to produce lactate values approximately 7% higher than capillary samples3. This has been taken into account in the interpretation of the results.
The running pace at which steady state lactate was attained was then used as the training pace for OBLA training runs4.
In order to identify whether it was possible to indicate any changes in the ability to buffer lactate on. a daily basis, it was simple to use Ames multistix to measure urine pH.
Blood analysis
The athlete presented herself for blood sampling not less than 14 h after an exercise session and a sample was obtained by venepuncture from an antecubetal vein. Resting blood samples were taken for routine haematology at week 1, week 4 altitude Phase I, week 6 after altitude Phase I (Capetown), week 4 altitude As expected, the heart rate rose at altitude, because of physiological stress and decreased on return to sea-level. However, a second exposure to altitude led to an unexpected rise in heart rate. Normally it would be expected that the second period of altitude exposure would provoke a less severe effect on heart rate. These results are complicated by the changes in training during the period in Capetown, where there was a significant increase in the number of speed and strength endurance sessions. These changes would normally be expected to increase heart rate. Therefore it would appear that training effects confounded the result.
The specific gravity data suggest that the fluid replacement was sufficient. The athlete had experienced training and competing in hot countries before and was practised in ensuring sufficient fluid was taken. In addition, the RPE ratings suggested that the training load was not over-stressful for the athlete.
The results presented in this paper highlight the difficulty in assessing an athlete's performance at altitude. It provides some data which can perhaps give a better insight into the backup requirements of an athlete in order to ensure maximum benefit from altitude training.
In summary, therefore, it is clear that when athletes are training at altitude in the hope of enhancing performance that: 1. national BASES guidelines for the measurement of aerobic performance may not appropriate;
